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(57) Abstract 

A thermal battery incorporating a sacrificial resistive heater (7) connectable between the terminals of the battery and 
perable to maintain the electrolyte ab ve its freezing point after initiation of the battery and f r as long as useful capacity 
remains in the battery. The heater may take the f nn of a conducti ng filmdepos^ heat-resisting^ubsU^^ wir 
coil retained n a f nner and may be racafe^itEeT^ battely-orit^r^oundlnT?CacfcK)t 
cells~within-tiie-theffi of t he batteryTThTheater may be directly connected electrically to tne enos oi 

Iheceli stack r'ifmay bTconnected thereto'ifiaireBly^viFan internal or external timer to be switched on after a predeter- 
mined time lapse from initiation, and the heater may be thermostatically controlled. 
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IMPROVEMENTS IN THERMAL BATTERIES 

This invention relates to thermal batteries, and Is aimed 
at providing a means capable in many applications of extending 
the useful life of the battery. 

There are two main mechanisms by which the useful life of 
5 a thermal battery is terminated - exhaustion of electrical 

capacity or a rapid rise in its internal resistance caused by 
cooling below a certain temperature around the freezing point 
of the electrolyte. For particular battery designs, there is 
often a considerable imbalance between the life expectancies 
10 governed by the separate effects: ideally these should be equal 
since an excess of cell volume (governing electrical capacity) 
or thermal insulation represents a cost, size and/or weight 
penalty. However, due to the usually wide temperature range 
over which a battery is required to provide a minimum specified 
» performance, its life can often be limited by electrolyte 

freezing towards the lower end of the temperature range, whilst 
being capacity-limited at the top end due not only to more 
extensive side reactions at a higher battery internal 
temperature but also to a longer time elapse before 
20 commencement of electrolyte freexing. 

This invention seeks to provide a means by which a small 
portion of the electrical capacity of a thermal battery can be 
used, if need be, to supplement the internal resistive heating 
r counter its natural cooling in order to maintain the 
25 electr lyte above its freezing p int. 
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This invention therefore c nsists of a thermal battery 
comprising a sacrificial resiative heater counectable between 
the terminals of the battery and operable to maintain the 
temperature of the battery electrolyte above its freezing point 
for as long as useful electrical capacity remains in the 
battery. 

The heater may be arranged to operate as soon as the 
battery has been initiated or it may be switched on by a timing 
device, for example after a given interval after initiation of 
the battery, and in either case it^may_be controlled by a 
thermostat. In the Utter ^er^.ther-os^onld be 
arranged ^ TcutTn~wh^"the temperature of the electrolyte was 
somewharh^n^than the freezing point - perhaps by as much as 
50-C - since the electrolyte will continue to cool until heat 
dissipates through the electrolyte at a sufficient rate to 
compensate for the rate of heat loss. 

The heater may be in onWsgveral forms J^jbnsj t may be, 
a wirTc^^oIeo^^ 

^ffST^ca and supported^^^JHiS^^LB^S^ 
s^^rthTbat^ery insidettejattery^^ 
to?err oT^ a^arm'dge heater within a central hole in the 
cell stack, or the heater c^be^lectrically-conducting 

substrate at similar locations. 

^^r'^mplicity the heater could generate heat uniformly 
over its surface, but it could be designed to generate greater 
heat in those areas where more heat is lost or where the 
electrolyte tends to freeze the most rapidly. 

By way of example, the invention will now be described 
with reference to the drawings, of which 

Figure 1 is a schematic partly cut-away perspective view 
of one embodiment of a thermal battery incorporating the 

invention, and 

Figures 2 t 8 are graphs illustrating th effect of 
sacrificial heaters n the p rf rmance of thermal batteries f 
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different sizes perated under varioui conditions. 

Referring to Figure 1, a thermal battery consists f 
stack of cells 1. each consisting of at least an anode, 
electrolyte and cathode In disc form, and pressed, either 
individually or in multiples, together with a slmllar_d i»c , 2 of 

4»yrotecMcJ!^ tial -^ tweett eaCh * 
cental hollow shaft (not shown) to provide space for ignition 



means 



The cells and pellets are contaimed inside a layerj>f 
10 thermal insulation 3 wi thjna,can^ External terminals of~the 
-£^Tand6on the~^per face of the battery are connected 
to interior terminals at the top and bottom ends of the stack 

of cells respectively. 

Located adjacent to the inner face of the insulation layer 
15 3 and in thermal contact with the stazk of cells is a 

cylindrical heater 7 comprising a thla insulating substrate on 
the inner face of which Is formed a heating element consisting 
of an electrically-conductive heat-resistant film, the film 
being electrically insulated from the cell stack by a mica 
20 layer (not shown) and in electrical contact at its bottom end 
with the lower interior terminal of tie stack of cells and at 
its upper end with a third external terminal 8. The pattern 
and/or thickness of the heating element is adapted to provide 
the necessary electrical resistance to generate the power 
25 required for the particular application. 

In operation, the battery is initiated by firing the 
pyrotechnic material 2 raising the temperature of the 
electrolyte above its melting point, which in the typical case 
of a LiCl/KCl electrolyte is 352*C On melting, the 
30 electrolyte becomes conductive and emables the cells to 

supply a useful current. In the absence of any heater, the 
electrolyte will steadily cool down at a rate dependent on the 
amount of insulation provided and the heat generated by current 
flow, a functi n of the external load, through the cell stack. 
35 Under s me conditi ns. the electr lyte will begin t 
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freeze just as the electrical capacity of the battery has 
exhausted, but In other conditions the electrolyte will freeze 
before this stage is reached. As an alternative to providing 
greater insulation - to which there is in any case a practical 
5 Unit - to utilise fully the capacity of the battery the 
terminals 5 and 8 are interconnected by an external timing 
unit, and when the circuit is closed some ti-e after initiation 
of the battery the heater operates, reducing slightly the 
output available between terminals 5 and 6 but extending the 
10 time elapse before the electrolyte freezes. 

jn other embodiments of the invention, the upper end of 
the heating element is connected internally with the upper 
interior terminal of the cell stack, either via an integral 
timer or directly so that the heater operates immediately the 
15 battery is initiated. In any embodiment a thermostatic element 
«ay be incorporated into the connections and in thermal contact 
with the electrolyte so that the heater only operates when the 
temperature of the electrolyte approaches its freezing point. 
The effect on the battery output of the Incorporation of a 
20 heater of the kind described can be seen fro. the results, 
reproduced in Figures 2 to 8, of computer simulations of 
various heater dissipations (expressed as various electrical 
resistance values) incorporated in large, medium and small 
sizes of commercially available batteries, and at high and low 

25 ambient temperatures. 

In Figure 2 output voltage/time curves have been plotted 
for a battery of medium size at an ambient temperature of 
_ 40 -C, havl ng no heater and with heaters of 10O, 200, 500 and 
1000 (the lowest resistance heaters dissipating the most power) 
30 and connected to the same external load. 

With ho heater, the output from the battery declines only 
very slowly until about 900s from initiation: the firing of the 
pyrotechnic will have raised the electrolyte temperature to 
well above its f r ezing p int but by 900s re-freezing starts to 
35 take place. The electrolyte steadily freezes thereafter 
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causing a rapid fall in battery output to an unacceptable level 
after a total time elapse of 1200a or so. 

The effect of a 100Q beater switched on after about 300s 
from battery initiation is seen to prolong an essentially 

5 constant battery output at least until about 1500s, by which 
time the electrical capacity of the battery may be close to 
exhaustion. The effect of even a 100Q heater has therefore 
been sufficient in this case to maintain the electrolyte above 
its freezing point and therefore in a fully conducting 

10 condition. Little further benefit can be gained from the use 
of more powerful heaters, as the other curves show: a 50O 
heater does not drain the battery significantly but causes a 
slight reduction in battery output throughout its operation. 
Use of 20Q and 100 heaters however exhaust the battery 

15 prematurely but in certain cases the use of a 20Q heater would 
prolong slightly the useful life of the battery - at say 50* of 

^ yytmriin OUtpUt level* 

The above curves assume operation of the battery in an 
ambient temperature of -40°C. If the same battery is operated 

20 at rather higher ambient temperatures then the ignition of the 
pyrotechnic will raise the electrolyte temperature to a 
corresponding higher value, so that a longer time will elapse 
before the electrolyte freezing point is reached* Capacity 
exhaustion is thus more likely to occur first. This is 

25 illustrated by the curves in Figure 3, where no beneficial 

effect is apparently gained from the use of even a 100Q heater 
with the same battery as before but operated at +70°C. The 
effect on the output is indeed detrimental due to current drain 
through the heater. The incorporation of a heater in a battery 

30 for use at this temperature might however make it possible to 
employ considerably less insulation, and the resulting curves 
would then be more akin to those of Figure 2 even at the higher 
temperature - the use of, say, a 10QQ heater would compensate 
£ r the deer ase of insulatl n. 

35 c Mist nt results are found in simulations of larger and 
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smaller batteries. Figur 4 shows the effect on electr lyt 
temperature of a larger battery of various heaters switched on 
at 1100s in order to attempt to maintain output to 2000s, this 
not being possible without a heater doe to electrolyte freezing 
at 352'C, which is seen to commence at about 1750s. It is seen 
that a 500 heater is sufficient to maintain the electrolyte 
above freezing, more powerful heaters causing unnecessary 
current drain and even overheating. The effect of this on 
output is seen in Figure 5, showing that heavy pulses can be 
obtained from the battery at high voltage up to 2000s with a 
500 heater, and the effect of current drain with the other 
heaters is quite dear. 

With a small battery, the effect of heat loss through the 
. insulation is more marked, especially at low temperatures. 
15 From Figure 6 it is seen that in spite of greater current drain 
200 and 100 heaters are needed to maintain the electrolyte 
above freezing at 352°C in an ambient temperature of -40°. The 
corresponding output curves in Figure 7 confirm that a 200 
heater is closer to optimum under these conditions, the similar 
electrolyte temperature maintained by a 100 heater being more 
than offset by its much higher current drain. 

With the same battery UBed at +70'C though, the effects 
are very different. From Figure 8 It Is seen that since the 
electrolyte does not freeze during its operation, no benefit 
25 appears to be gained from the use of a heater in these 

conditions. To use the same battery over a wide range of 
ambient temperatures, some kind of thermostatic control is 
needed. 

The above examples illustrate that the degree of heating 
30 needed depends on all the variables under which the battery is 
used - Its size, power requirement and ambient temperature 
range among others. The use of thermostatic control would 
reduce unnecessary heating and current drain, while the 
possibility f using less thermal insolation increases the 
35 efficiency of the battery In terms f energy per unit weight or 
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v lume. Overall It Is poseible t make the effective capacity 
of the battery to be less dependent on Its operating 
variables* 

Nevertheless, there are many instances - for example for 
some applications of smaller batteries such as that described 
with reference to Figure 8 - where a sacrificial heater would 
not only be unnecessary but would be detrimental by adding to 
the current drain of the battery, but by reference to all the 
examples described the extent of usefulness of this invention 
will be understood. 

The heater need not be in the f orm of a conductor formed 
on a B^bj^^ltmay^e in the form of a wire coil, e-gg^ 
^mpjiTI ^sIcra^ttpported on a~he^resl8tant former 
~a^~I71^y~bIlppropriate in some applications for the heater 
-^rtSS^^Ttb^ntTal hole of the battery rather than 
surrounding the electrolyte. Other variations in the form of 
the invention will be readily apparent to those skilled in the 
art. 
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CLAIMS 



1. A thermal battery characterised by comprising a sacrificial 
resistive heater (7) connectable between the terminals of the battery 
(5, 6) and operable to maintain the temperature of the battery 
electrolyte above its freezing point for as long as useful electrical 
capacity remains in the battery. 

2. A thermal battery according to Claim 1 in which the heater GO 
comprises a layer of electrically-conducting material formed or 
deposited on an insulating substrate. 

3. A thermal battery according to either preceding claim in which the 
heater is arranged to surround the stack of cells of the battery and in 
thermal contact therewith. 

4. A thermal battery according to Claim 1 or Claim 2 in which the 
heater is located within an axial hole extending through the stack of 
cells of the battery. 

5. A thermal battery according to any preceding daim including a 
timing device arranged to actuate the heater after a pre-determined 
time lapse after initiation of the battery. 

6. A thermal battery according to any preceding claim including a 
thermostatic device to prevent operation of the heater under conditions 
where the electrolyte is not in danger of freezing within the required 
life of the battery. 

7. A thermal battery according to any of Claims 1 to 4 in which the 
heater is connected internally and directly between the terminals of 
the battery so that heat is generated whenever the battery electrolyte 
is in a conducting state. 
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